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loads, providing the ratio of breakdown 
to locked-rotor torque is correct. How-
ever, standardizing on increased values 
for these torques would raise the motor 
weights as well as that of associated equip-
ment for applications not requiring a re-
serve for peak loads or starting. The ratio 
of breakdown to locked-rotor torque, al-
though not ideal for all applications, is 
nearly correct for the majority of them. 
Illustrations and Characteristic 
Curves 
Figure 1 shows a three-quarter-horse-
power continuous 400-cycle 200-volt 
three-phase motor designed to operate in 
accordance with the requirements pre-
viously outlined. The weight of this 
motor is 3.4 pounds. It is about 40 per 
cent lighter than a d-c motor having the 
same horsepower and speed rating. Other 
400-cycle and 24-volt d-c motors with cor-
responding ratings have about the same 
ratio of weight. 
Figure 2 shows characteristic curves 
plotted from test data taken on the three-
quarter-horsepower motor at normal volt-
age, frequency, altitude, and ambient 
temperature. Speeds, efficiencies, power 
factors, amperes, and watts output 
which are plotted against torques are in-
cluded. 
Figure 3 illustrates schematically the 
construction used for continuous-rated 
motors with outputs from one eighth to 
25 horsepower. That used for intermit-
tent-rated motors is similar except the 
ventilation ducts, overhung fans, and fan 
covers are omitted. 
Major design features used in these 
motors are summarized as follows: 
1. Magnetic structures fabricated from 
high-grade silicon steel with special anneal to 
permit high flux, good permeability, and 
low iron loss. 
2. Insulation. Class-5 material for insu-
lating slots and for between-phase protec-
tion. Generally the stator windings are of 
heavy Formex-glass-covered wire to provide 
greater protection against heat shock. 
Stator core complete with windings impreg-
nated with special moisture-resisting var-
nish. 
3. Squirrel-cage-type rotors with brazed 
copper or brass windings. Protected with 
anticorrosion treatment. 
4. Through ventilation in continuous-rated 
motors for minimum composition and 
weight. Double end-turn ventilation in 
intermittent-rated motors. 
5. Shells made by expanding thin steel 
tubing to obtain light weight, rigid construc-
tion, and a temperature coefficient the same 
as that of the stator. 
6. Magnesium or aluminum end shields for 
light weight. 
7. Heat-treated alloy steel shafts for 
strength and dependability. Hardened 
shaft extensions with or without pinions or 
splines. 
Synopsis: At the present time there are 
several remote-indicating systems in com-
mon usage in industry. These types include 
the conventional a-c Selsyn, a-c Magnesyn 
system, and the d-c Selsyn. The d-c Selsyn 
embodies two features which present a dis-
tinct advantage in aircraft systems. 
1. The system does not require an a-c source of 
power. 
2. The system requires only three wires between 
transmitter and receiver, whereas all other types of 
systems require at least five wires leading from the 
transmitter to the receiver. 
To offset somewhat these advantages, all 
d-c Selsyn systems now in operation have a 
very slight natural error which, although not 
important in some applications, becomes 
very undesirable in applications where a 
high degree of accuracy is required. In this 
paper the author presents a rigorous analysis 
of a conventional d-c Selsyn remote-indi-
cating system. The first part of the analysis 
shows that a natural error exists in the 
system, which has a 60-degree cycle and 
which reaches a maximum value of 1.1 de-
grees. The error is zero at each 30-degree 
point and reaches a maximum almost mid-
way between the 30-degree points. The 
natural error of the Selsyn system arises 
from the fact that the transmitter resistance 
is a linear function of the transmitter angle 0. 
This natural error may be overcome by 
designing a transmitter resistance in a non-
linear manner. The equation is developed 
for the necessary variation of the trans-
mitter resistance with the transmitter angle. 
Furthermore, the shape of the toroid on 
which this resistor should be wound to give 
this desired variation, is derived therefrom. 
The paper further presents optimum values 
of resistances for both transmitter and re-
ceiver, in order that the greatest amount of 
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8. Double-shield-type permanently lubri-
cated ball bearings housed in a steel insert 
in the end-shield castings to assure long life. 
9. Protective finishes. Magnesium or 
aluminum castings treated against corrosion 
and primed with zinc chromate. Steel parts 
other than stator and rotor punchings cad-
mium- or zinc-plated. External parts ex-
cept mounting surface* have black wrinkle 
finish. 
Conclusions 
Present trends indicate an increasing 
demand for 400-cycle electric systems for 
torqufc may be transmitted to the receiver 
for a given amount of power. 
Determination of Natural Error in a 
Conventional D-C Selsyn System 
TH E INVESTIGATION of the d-c Selsyn embodies two separate ques-
tions. 
1. If no frictional error is assumed, what 
are the magnitudes and characteristics of 
natural errors which may exist in the in-
strument, and how may they be corrected? 
2. For a given amount of power consump-
tion how should the instrument be con-
structed to give best follower properties 
from transmitter to receiver; that is, for a 
given amount of friction, how can the fric-
tional error be reduced to a minimum? 
In analyzing the first question, we con-
sider the conventional d-c Selsyn shown in 
Figure 1. The receiver coils A B, B C, and 
CA are wound with their magnetic axes 
at 120 degrees to each other and con-
nected in a delta connection. Points A, 
By and C are connected to points A', B', 
C\ respectively, located at 120-degree 
intervals on the transmitter winding. 
The battery contacts D' and E' are on a 
diameter and may be moved at will. 
Ideally, the direction of the resultant 
field in the receiver should move in exact 
coincidence with the angle 6 in the trans* 
mitter. There is no a priori reason for 
supposing that this situation will exist. 
Actually, as we shall see, if the resistances 
in the transmitter are linear with the 
angle 0, the ideal situation floes not exist: 
The amount of natural error introduced is 
determined in the following analysis: 
We obtain first the current distribution 
in coils AB, BCy and CA when the con-
tacts D' and Er are rotated 0 degrees 
from A' as shown. 0 ^ 0 ^ * 6 0 degrees. 
The transmitter is assumed to have a re-
both military and commercial airplanes. 
These trends are justified in part by the 
inherently light-weight rugged and de-
pendable constructions possible in 400-
cycle motors. 
The information contained in the paper 
is that which seems most important. 
Many additional data have not been men-
tioned; however, it is hoped that the dis-
closures herein will assist in creating a 
better understanding of the motors and 
t h e . performance to be expected from 
them. 
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sistance of Ri ohms per degree, or 120 Ri 
ohms per leg. The receiver is assumed 
to have a resistance of 120 R2 ohms per 
leg. Each section of resistance in the cir-
cuit is numbered as shown in Figure 1, 
and the equivalent circuit is shown in 
Figure 2, with corresponding numbers 
and the value of each resistance shown. 
The points C, A, and B are marked, since 
we are interested in the voltages between 
these points. 
To simplify the analysis we replace the 
delta sections 3-4-7 and 1-2-6 by their 
equivalent wye sections. 
The transformation relationships which 
replace a delta system Ri-R2-Rz by a wye 
system rx-r1-Yz are given by 
Referring to Figure 3, we have the 
following voltages: 
/120RIR2\ 
3,600£r 
(-02+6O0+l,8OO)+5,4OOr 
(RjRi^O-e) BRA \ 
E ^ - \ Rl+R2 -^TW 
-3O£r(12O-20) 
(4) 
EBC 
( - 0 2 +60(9 + 1,800) +5,400r 
:2(60+<9) i?i#2(6O-0) 7#1*2( 
+R2 R1-\-R2 
6OEr0 
' (-02+6O0+l,8OO) +5,400r 
) 
(5) 
(6) 
R2Rs 
Ti = 
r2 = 
fa = 
Ri+Rt+R, 
RiRa 
Ri-\-R2+R* 
R1R2 
Ri+Rt+Rz 
(1) ICA 
where r = R2/Ri. The currents in the 
coils are then, from Figure 1, 
1 1 30Ef~ 
Ri L ( -
The foregoing relationships leave the 
current and voltages at the three ter-
minals unchanged. 
Figure 3 shows the equivalent circuit 
after the transformation is made and the 
resistors 5 and 8 are combined. Values 
are shown. The resistance of the two 
parallel branches in Figure 3 are equal; 
hence half the total current flows in each 
branch. The system is further reduced 
in Figure 4, and we obtain for the total 
current 
IAI 
IBC 
2RJL 
02+6O0+l,8OO) +5,400rJ 
=K<j>CA (7) 
60-0 
5,400rJ -02+6O0 + l,8OO)+ / 
= K<f>AB (8) 
( - 02 +600 +1,800) +5,400r J 
= K<f>BC (9) 
2i = -
QQE(Ri+Ri) 
5,400i?i#2 + ^i
2( - 02 +600 +1,800) 
The current in each branch is then 
. 30JB(JgI+^>) 
bAWRiRt +Rk2( - 02 +600 +1,800) 
(2) 
(3) 
For a fixed number of turns, the mag-
netic fields due to each of the coils are 
proportional to the currents. Figure 5 
shows the relative orientation of these 
fields when the current in each branch is 
positive. We denote the direction of the 
resultant field, <f>, with the x axis by the 
angle 0'. When 0 = 0 we see from equa 
tions 7, 8, and 9 that <t>CA and <j>AB are 
equal in magnitude, and <t>Bc—0. <t>cA is 
positive, and <j>AB is negative. Hence 
when 0 = 0, 0' = O. 
To obtain the value of 0' for any value 
Figure 1 (left). D-c Selsyn 
transmitter and receiver 
Figure 2 (lower left). Electric 
circuit of Figure 1 
Figure 3 (center). Reduction 
of circuit in Figure 2 
01 6, we denote the x and y components 
e£ the resultant flux by <j)x and <j>y. From 
Figure 5 we see that 
Figure 4 (below). Further 
reduction of circuit in 
Figure 2 
XTE 
(3600-0 W ^ 
I20(R|+R2)f 
30 R| R2 
R.-Rz 
e(i20-e)R?^ 
I20(R.+R2)1 
y/Z, 
<t>X= —K<t>CA—<t>AB) 
<f>y= —<t>BC-\-l/2{4>CA-\-<l>AB) 
and 
tan|0r = 
I <t>x 
(10) 
(ID 
(12) 
Using equations 7, 8, and 9 and noting 
that the proportionality constant be-
tween flux and current is the same in 
every case, in conjunction with equations 
10, 11, and 12, we obtain 
tan0' = \ / 3 
0 
1 2 0 - 0 
C13 
It is important to note that equation 
13", which shows how the receiver angle 6' 
varies with the transmitter angle 6, i s 
independent of the values of the resist-
ances used in the Selsyn. Hence chang-
ing the values of the resistances can in no 
way compensate for natural error in the 
instrument. 
Figure 6 shows a plot of 0' versus 0 for 
60 degrees. Conditions repeat them-
selves every 60 degrees, of course, since 
at 60-degree intervals one battery contact 
is in coincidence- with a coil terminal. 
We see from the figure that the receiver 
gives an exact indication of the trans-
mitter every 30 degrees. On one side of 
this point the receiver lags and on the 
other side it leads the transmitter. 
If we denote by 0 the difference of the 
receiver angle and the transmitter angle, 
we have 
0 = 0 — 0' = 0—tan-
/ eVs\ 
\ 1 2 O - 0 / 
(14) 
It readily may be shown that this error 
angle is symmetrical in magnitude about 
the point 0 = 30 degrees. Figure 7 shows 
a- plot of 0 versus 0 for 0 ^ 0 ^  60 degrees. 
By differentiating equation 14 with 
respect to 0 and setting the result equal 
^BC 
Figure 5. Space relationships of fluxes pro-
duced by receiver coils 
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Figure 6. Variation of receiver angle with 
transmitter angle 
to zero, we obtain the value of 6 fot 
which /3 is a maximum.* This gives 
values of 0 = 13 degrees 18 minutes and 
46 degrees 42 minutes. The correspond-
ing maximum values of 0 are 1 degree 6 
minutes and - 1 degree 6 minutes, re-
spectively. 
I t is also of interest from a design 
standpoint to investigate the variation of 
the magnitude of the resultant field as 6 
is varied, since the friction error will de-
pend on this magnitude. To do this we 
investigate first the case for r - » °°, that is 
when the receiver resistance is many 
times larger than the transmitter resist-
ance. Then (-02+60(9+1,800) is neglr* 
gible compared to 5,400r in equations 7, 
8, and 9. These equations become 
IcA — 
TAB* 
IBC = 
E 
lW#2 
• £(60 - 0 ) 
Hof8002& 
- E 0 
10l800i?2 
(70 
(80 
(90 
Figure 8 shows the current distr ibution 
in t he coils for 6 from 0 to 360 degrees? 
Equat ions 7, 8, and 9 are valid only from 
0 to 60 degrees, b u t the rest of t h e cycle 
can readily be seen to be as shown. 
Subst i tu t ing t he foregoing values in equa-
tions 10 and 11, we obtain 
* *=* ( 2 -6 l ) 
4>y=K y% 60 
(10') 
(HO 
where K — constant. 
These are the parametric equations of 
one side of a regular hexagon centered at 
the origin and having a vertex on the x 
axis. The plot is shown in Figure 9. 
The line ABC is the locus of the ends of 
the flux vector as 0 varies from 0 to 60 
degrees. 
To obtain the locus of the end of the 
flux vector for any value of r, we simply 
note that all the currents given by equa-
* See Appendix I 
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m u m value of flux as large as possible for 
given power. As we shall see, this is not 
the same as making the maximum flux as 
large as possible. 
Optimum Transmitter and Receiver 
Resistances 
For a given amoun t of power, and a 
given amount of space in which to wind 
the receiver coil, i t is possible to deter-
mine op t imum resistances for bo th trans-
mi t te r and receiver and hence the wire 
size t o be used in the receiver. I t is also 
possible t o determine the best size of 
receiver coil, consistent wi th space limita-
tions. 
Let us assume t h a t the coil is to have 
the dimensions shown in Figure 11. 
/ = length of one turn 
a = cross-section area of coil 
N = number turns on one coil 
4 = cross-section area of wire 
Figure 9. Loci of ends of flux vector for 
various resistance ratios 
tions 7', 8', and 9' will be equal to the 
jairrents given by equations 7, 8, and 9 
when the former are multiplied by a fac-
tor proportional to l / ( -02+60(9+1,800+ 
5,400r). Hence, the vectors ending on 
the line ABC need only be multiplied by 
the afore-mentioned factor to give the 
locus for any value of r. I t is to be noted 
that the angle the flux vector makes with 
the x axis is 6', not 6, and hence equations 
10' and 11' multiplied by the foregoing 
factor should be used to determine the 
locus. The lines AB'C and AB"C show 
the locus for r = 1 and r = 0 , respectively. 
For comparison purposes, the maximum 
values in each case have been made to 
coincide. The actual value of maximum 
flux depends on Rx and R2, but this is 
discussed in the second part of the report. 
Figure 10 shows the variation of current 
in each coil for r— 1. 
It may be seen from Figure 9 that the 
flux reaches a minimum every 60-degree 
interval of transmitter rotation. In the 
analysis which follows, design considera-
tions will be based on making this mini-
We then have 
P\N 
"(15) 120i?2 = total resistance of coil = 
NA = aa 
where a is a spacing factor. (16) 
« = 0.91 
We wish to make the resul tant flux a 
max imum when 6 = 30 degrees, which is 
" the weak flux point. This amounts to 
making NI in t h e coil CA a maximum for 
6 = 30 degrees. Using equat ion 7, w€ 
have 
NI = 
3QE N 
Hi 2,700 +5,400r 
= 5 N 9(LSi.+2/e, (17) 
Using equations 15 and 16, we elimi-
nate N and obtain 
NI = ltK 
# 2 l / 2 
^ X + 2 ^ 2 
(18) 
wheije 
T5 V 30aa 
It is evident from equation 18 that K 
is made large by increasing a, decreasing 
p, or decreasing / for a given supply 
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Figure 1 1 . Coi l 
dimensions 
/ = mean length 
O n e turn 
-SKcf+b) 
will change. This m a y be seen by writing 
equat ion 18 in the form: 
kW 
voltage. I t is not advisable to decrease /, 
since the enclosed area of t he coil is pro-
portional to torque for given NI. How-
ever, for best results, a should be made 
as large as possible and p as low as possi-
ble, t h a t is, low-resistivity material 
should be used. 
The maximum power consumed in the 
circuit is given by 
P = : 
E 2 
Rtm 
where -Rmin is the least value of resist-
ance between ba t t e ry terminals. F rom 
Figure 4 we see t h a t 
i W = ^ ^ ( # i + 3 # 2 ) 
and since 
£ 2 Ri+Rt 
P = 
30Rl(Ri+SR2) 
from which 
/ SOP 
R2 = -
E2 ) 
(¥*-) 
(19) 
(20) 
Subst i tut ing value of R2 from 20 in 
equat ion 18, we obta in 
( -3J f / 2 i ? i 2 +4iTi? i - - l ) 1 / 2 30P 
NI~K RS'HK'Rt + 1) '' E* 
(21) 
By differentiating expression 21 with 
respect to Rx and equat ing result to zero, 
we obtain, for maximum NI* 
1 + 2 A / 2 £ 2 
* , = - ^ = 0 . 5 4 7 -
E2 
120i?i = resistance per leg = 2.19 — 
and froim equation 20 
„ R Q-V2) _ i 
(22) 
(23) 
With the opt imum values determined 
from equations 22 and 23, the size wire 
for the receiver may be calculated from 
equations 15 and 16. 
Small variations of the receiver re-
sistance from the opt imum value will not 
affect the performance appreciably, al-
though power consumption, of course, 
* See Appendix I I . 
NI = 
K rV» 
R^ ( l + 2 r ) 
W) 
Equa t ion 18 is plot ted in Figure 12 for 
bo th Ri constant and R2 constant . I t 
m a y be seen t h a t the var ia t ion of NI wi th 
R2 is small, whereas the variat ion with Rx 
is greater, in the region of r = — F -
Design equations based on making the 
flux a max imum in t h e strongest point, 
t h a t is, when 0 = 0 , lead t o somewhat 
different equat ions. . Analysis similar to 
t he foregoing yields t he following resul ts : 
1202?= resistance per leg=2.30 
E2 
R2 = V3 
(22') 
(23') 
F o r bes t performance, equat ions 22 
and 23, no t 2 2 ' a n d 2 3 ' , should be used. 
Correct ion of N a t u r a l Error i n S e l s y n 
S y s t e m 
In the first pa r t of this report i t was 
found t h a t the error is zero in t h e re-
ceiver when the t ransmi t te r angle 0 (see 
Figure 1) is 0, 30, 60 degrees, and so forth. 
Since one of the brushes is in contact with 
a terminal every 60 degrees, i t is obvious 
t h a t any nonlinear resistance mus t be 
symmetr ical on either side of every 0. 
60, 120 degrees, and so forth. Fur ther -
more, since the na tu ra l error for a linear 
resistance is symmetr ical and of opposite 
sign on either side of every 30-degree 
point , we may assume t h a t the nonlinear 
resistance should be symmetrical on either 
side of 0, 30, 60 degrees, and so on. 
T h e foregoing considerations reduCe^the 
problem to one of finding the deviation 
from linearity for t he region from 0 to 
30 degrees, making the deviation from 
30 to 60 degrees symmetr ical about the 
30-degree point and of opposite sign, then 
repeating the cycle every 60 degrees. 
Referring to Figure 1, we let the re-
sistance of each t ransmi t te r leg be 1202?i, 
and t h e resistance of each receiver leg 
r2tri?2, as before. Fo r 0 ^ 3 0 degrees, let 
t he resistance of t h a t port ion of t he 
winding marked ® be equal to aR\. T h e 
problem now resolves itself in to one of 
finding a as a function of 0 such t h a t t he 
e*ror shall be zero for all values of 0 from 
zero to 30 degrees. 
Remembering the symmet ry which we 
have noted, t he values of the resistances 
© to © of the t ransmi t te r then m u s t be 
® = *Ri 
© = (120-a ) i ? ! 
® = (60+c0# , 
® = (60-<*)#i 
© = 120£i 
Referring to Figure 2, we see t h a t t he 
afore-mentioned resistances are exactly 
the same as those shown in Figure 2, 
-with a subs t i tu ted for 0. I n our present 
s i tuat ion, then , i t is obvious t h a t the 
receiver angle 0', will be given b y equa-
t ion 13, wi th a subs t i tu ted for 0, or 
tn 
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tan 0' = 
V3a 
120 -a 
(24) 
I n order to have zero error, 0 = 0', and 
t a n 0 = = \ / 3 a / ( 1 2 O - a ) . 
Solving for a, we obtain 
1^0 tan 0 
~ V 3 + t a n 0 
(25) 
This gives the necessary variat ion of a 
with 0 for zero error and hence the varia-
tion of resistance wi th 0, since the re-
sistance of segment © is aRi. 
Figure 13 shows the var ia t ion of a wi th 
0, along wi th t he linear var iat ion, so t h a t 
the deviat ion m a y be noted. 
I t is t o be especially noted t h a t the 
¥«riation of a wi th 0 for zero error is in-
dependent of t he receiver resistance and 
hence will work for all receivers or 
paralleled receivers. 
T o ob ta in t h e shape of t h e developed 
cylinder which will give a resistance in 
accordance with equat ion 25, we refer t o 
Figure 14. OABC represents 30 degrees 
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of the developed cylinder for a linear 
resistor. OAB'C represents the shape of 
30 degrees of the developed cylinder for 
the nonlinear resistor. 
Let us denote the equation of C'B' as 
F(6). For a particular value of 0, the 
ratio of the nonlinear resistance to the 
linear resistance will be equal to the 
ratio of the area beneath the curve C'B' 
to the area beneath the curve CB. This 
ratio is obtained from the equations of 
the two curves in Figure 13. Hence we 
have 
JleF(6)de 120femfl 7T 
LB ~~\/3-h tan 0*1800 
= ?^ tan0 
Se V 3 + tan 0 
where 0 is expressed in radians, and 
L = OC in Figure 15. 
If we solve for the numerator in the 
lefthand side, 
tan 0 
3 V 3 + t a n 0 
(26) 
If we differentiate both sides with re-
spect to 0, 
F{e) = ±(- tan 0 r.) 
2TTL 
3 de\\/s+timi 
2irL 1 
3 ( \ / 3 c o s 0 +s in0 ) 2 
(27) 
Figure 15 shows F(6) plotted against % 
from 0 to 30 degrees. OAB'C is thus 
the developed shape of 30 degrees of the 
toroidal resistor. The developed shape 
for the whole resistor is shown in Figure 
15. 
Conclusions 
In a d-c Selsyn a natural-error cycle 
exists which has a 60-degree period. The 
error is positive for 30 degrees and nega-
tive for 30 degrees, reaching a maximum 
of 1 degree 6 minutes at 13 degrees 18 
minutes and 46 degrees 42 minutes on 
the transmitter. 
Design equations to give maximum 
flux in receiver for a given voltage and 
power are given by 
Transmitter resistance = 2.19— ohms per 
l e g - t f r (22) 
Receiver resistance —■—J=RT ohms per leg 
V 2 
(23) 
Furthermore, the cross-sectional area 
of the receiver coil should be as large as 
Figure 15. Developed shape of cylinder on 
which transmitter-resistor may be wound in 
order to produce zero error 
is practical, and the resistivity of the 
receiver coil as low as possible. 
The material and design dimensions of 
the transmitter coil are immaterial insofar 
as flux properties are concerned. 
The natural error of a d-c Selsyn system 
may be eliminated completely by winding 
the transmitter resistance in a nonlinear 
manner. 
The necessary variation of resistance 
with transmitter angle to give zero error 
is independent of receiver resistance. 
This correction for natural error may be 
attained for all possible loads on the 
transmitter. 
One method of obtaining the desired 
resistor is to wind it on a cylinder whose 
developed shape is shown in Figure 16. 
This is by no means the only way of 
accomplishing the desired result. Any 
method which will make the resistance 
vary in accordance with equation 25 is 
satisfactory from an operational view-
point. From a manufacturing viewpoint 
there may be more desirable methods than 
that of modifying the shape of the toroid 
on which the resistor is wound. 
Appendix I. Maximum Natural 
Error in Selsyn 
If we use equation 14, and express angles 
in radians, so that we may differentiate 
df3 
dO 
6 
"57.3 
1 
57.3 
— tan" 
1+r 
1 2 0 -
1 
Vse > 
0 
f 
X 
(120 - f l ) \ / 3 + V3g 
(12O-0)2 
1 120 \ /3 
57.3 (12O2-24O0+402) - = o 
for maximum 0 
If we solve, 
/ 0 \ 2 / d\ 57 .3V3 
(s) ,+(s)+0- ira-0: 
0 l ± \ A - 0 . 6 9 
60 2 
0 = 13.3°, 46.7° 
= 0.778 or 0.222 
Appendix II. Conditions for 
Maximum Nl in Receiver 
If we use equation 21, 
A 
NI = K 
R!l/*{K'Ri + iy 
where 
A = [ SK'WS+lK'Ri - 1 ]V» 
d(NI) 
dR1 
= 0 
=K 
Rl
1/\K'R1 + l).i/2A-iX 
( - 6 i T 2 # i + 4 i r ) -
blRiViK'+RrVijK'Ri + l)} 
^ ( i T ^ + 1)2 
Setting numerator equal to zero, we have 
R^K'Ri + Vi-QK'^+lK') = 
(SK'*Rl*+4:K'Rl-l)(R1K'+K
,Rl + l') 
If we multiply and separate powers of Rt„ 
-7K *R1*+2K'R1 + 1=0 
1 - 2 ± V 4 + 2 8 1 l ± \ / 8 
# i = 
K' 14 K' 
If we discard negative values of 2?i,\as 
meaningless, 
Rx = 
1 + 2 y/2 0.547 
IK' K' 
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